Introduction
Modern aircrafts are usually equipped with multiple antennas serving for different usages, including radar, communication, etc. Many of them have highly contrasting power levels and overlapping frequency bands. The mutual couplings among antennas may cause severe electromagnetic compatibility (EMC) problem, which prevents the multiple antennas from working simultaneously. This paper proposes a multi-region multi-solver domain decomposition method (MS-DDM) to simulate the EMC problem on electrically large platform. It has been successfully applied to analyze the mutual coupling between complex antennas mounted on a real F-16 aricraft at 2GHz frequency.
In order to calculate the mutual couplings among antennas on platform, the electromagnetic wave radiation and scattering from both the aircraft platform and antennas on board need to be accounted for. Such an EMC problem is extremely challenging and/or beyond the capabilities of the conventional numerical methods. One of the major difficulties comes from the multi-scale nature of the geometry. The main part of aircraft can be modelled as PEC object whose geometry is generally smooth with limited number of wedges and corners. Subsequently, the method of moment (MoM) with CFIE formulation serves as the most suitable computational electromagnetic (CEM) solver. However, the antennas and their surrounding regions are usually very complex in the aspects of geometry and material properties, especially when modern meta-materials are utilized to enhance antennas performance. Therefore, antennas and their immediate surroundings will be addressed most effectively using differential based methods such as finite element methods (FEM). Clearly, applying any single CEM method for the entire problem will inevitably cost tremendously more computational resources and incapable of treating every part of the problem domain efficiently. To alleviate this difficulty, some pioneering work [1] was proposed to solve the radiation and scattering of antenna mounted on large conducting platform using FEM-BI hybridazation. And a more general scheme was given in [2] and [3] to decompose the computational domain and solve each sub-region with different solver. This approach provides users the freedom to choose the most suitable solver for each sub-region, and existing solvers can be integrated without major modification. Our fundamental strategy is similar to the work of [2] , with the algorithm and implementation further improved so that the sub-regions are no longer required to be disjointed, which is essential for modelling on-board antennas.
Herein, the EMC problem under investigation involves the radar antenna array with its dielectric radome and a monopole antenna mounted on a F-16 aircraft. The electrical size of the entire domain is about 82λ × 61λ × 33λ. The decomposition is shown in Figure 1 : there are total 3 sub-regions: 1) Radar antennas and its radome; 2) a monopole antenna; and, 3) the F-16 PEC platform. We applied FEM, FEM and MoM solvers respectively to solve for sub-regions 1, 2, and 3. Since the radar antenna region includes large finite antenna array (7x7 linear polarized Vivaldi array) with a big dielectric radome, we employed the non-conformal FEM-DDM to further reduce the computational cost by taking advantage of the repetitions, which makes our entire solution procedure as a 2-level domain decomposition. The platform surface is discretized into 2.2 million RWG unknowns, which is solved by CFIE with MLFMM.
In the calculation of couplings between regions, ACA acceleration technique [4] is employed. We excite the antennas in the radar radome and measure the energy coupled to the monopole.
Formulation
To simplify the derivation, we discuss the formulation with a two touching subregion problem, as shown in Figure 2 . The boundaries are partitioned into the touching surfaces, (Γ 3 and Γ 4 ), and non-touching surfaces, (Γ 1 and Γ 2 ) . We first treat them as if they are separated with an infinitesimal gap. The fundamental formulation and notations are the same as in [2] . We denote the surface unknowns on Γ i , i ∈ {1, 2, 3, 4} as x i = [e( r), j( r)] T , r ∈ Γ i . Then the global BVP formulation ( (2) in [2] ) can be transformed into a 2x2 block linear system (1).
Region1 :
Region2 :
When the sub-regions Ω 1 and Ω 2 touch each other by sharing a common interface, namely Γ 3 = Γ 4 , the boundary conditions j 3 = −j 4 and e 3 = e 4 need to be enforced. Furthermore, we propose to solve (1) with block iterative method. Consider solving Ω 1 with the coupling from Ω 2 .
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where the superscript n stands for the solution of n th iteration. Similar to the MFIE formulation, we have the following relations on the touching surfaces outlined in equations (3) and (4), where H s i stands for the scattering field caused by the sources e( r ), j( r ) on ∂Ω i .
One practical difficulty of solving (3) and (4) comes from the calculation of selfintegrals on the right-hand-side, i.e. r ∈ Γ 3 , r ∈ Γ 4 , and vice versa. To overcome this difficulty, we plug (4) into the right-hand-side of (3), and notingn 3 = −n 4
In the DDM process, we employ numerical solution j 4 and H s 1 from (n−1) th iteration to update j 3 at n th iteration. So that (2) can be rewritten as in (5), where B 24 stands for the coupling from x 4 to x 2 , andÂ 33 are identical to A 33 except for its lack ofĪ operator.
The coupling relations between e 3 and e 4 are similar to the above. If Ω 1 and Ω 2 are both PEC objects, e i , i ∈ 1, 2, 3, 4 are all zero.
Numerical Result
The simulation results reported here were carried out on a workstation using AMD Opteron CPU (2.6GHz) with 16GB Memory. No parallelism yet has been applied. To get the initial solution, we first solve the radar radome sub-region as if it radiates in free-space with normal steering. To speed up the convergence in this sub-region, we employed the FEM-DDM with fully second-order transmission condition. Then we take its result and use it as source to calculate the coupling to the platform. After we solve the plane illuminated by the source from radome, we take the result of these two sub-regions and calculate their total coupling to the monopole and solve the monopole sub-region to obtain the initial solution. Afterwards, the truncated GCR solver was employed to solve the system matrix equation. The computational resources are summarized in Table 1 . The complete simulation takes 109 hours for 3 iteration, with final residual 0.09. From our experience, the changes in S parameters and antenna pattern are negligible after 2 ∼ 3 iterations.
The antenna pattern is shown in Figure 4 . It can be seen that the main-lobe does not change much after initial iteration, while the side-lobes and back-lobes are reduced, which can be attributed to the existence of platform. We get the S 12 parameter between Vivaldi array and monopole to be -68.9dB in initial solution, and -68.3 dB in the following iterations.
Conclusion
In this paper, a multi-region multi-solver domain decomposition method is proposed to evaluate the mutual coupling between two antennas on a F-16 aircraft at 2 GHz frequency by decomposing the problem into multiple independent sub-regions and applying different solvers for each sub-region. This simulation demonstates the potential of multi-region multi-solver DDM in simulation of the on-board antenna problems on electrically large platform. 
